Dear editor
We recently read the paper "Evaluation of in vitro glistening formation in hydrophobic acrylic intraocular lenses" by Thomes and Callaghan. 1 The paper is extremely interesting in that the authors, employees of Alcon Research Ltd (Forth Worth, TX, USA), report not only that Alcon lenses have glistenings, but also that "continuous improvements on glistening formation" 1 have been made by Alcon over the years from 2003 to 2012. We congratulate the authors and Alcon on their efforts, and on making this admission.
The paper raises a number of concerns and questions. Firstly, the statement in the introduction, "Glistenings are typically observed within a few months of surgery and plateau approximately 1 year after surgical implantation of the [intraocular lens] IOL" 1 is not referenced. The reported literature is in contradiction to this statement, in that the glistenings formation, as well as the severity of glistenings, has been reported to increase with longer follow-up times. [2] [3] [4] [5] [6] [7] [8] Very few studies that evaluate the progression beyond one year find glistening formation to be stable. [9] [10] In addition, this statement is contradicted by the authors themselves in the introduction section of this paper where they state that a study by Colin et al 4 found that 73.8% of the IOLs had glistenings when follow-up was less than 2 years, and 94.2% of the IOLs had glistenings when the follow-up was longer than 2 years. Even after10 years of follow-up, no plateau was seen. 2 In the Introduction, the authors state that "These results are consistent with most studies regarding glistening formation in AcrySof ® IOLs that found no impact on visual function." 1 This statement is incorrect. Although Snellen visual acuity is only affected by severe grades of glistenings, visual function is affected earlier. Six published papers examined the effect of glistenings on contrast sensitivity (CS). Four of these studies reported that glistenings had a significant negative effect on the high spatial frequency of CS, 3, [11] [12] [13] and two studies were inconclusive. 9, 10 While some studies do show a decrease in visual acuity with increased severity of glistenings, 4,13 the general consensus in the literature tends to be that visual acuity is unaffected by glistening. In vitro studies report a positively correlated relationship between the total integrated light scatter and the severity of glistenings.
14,15 Also, several in vivo studies found increased levels of intraocular stray light. [16] [17] [18] This analysis is published in van der Mooren et al. 19 The authors state that continuous improvements "... include the implementation of advanced manufacturing equipment, improved environmental controls, and tightened process controls/specifications. Specific details of these improvements cannot be fully disclosed due to the proprietary nature of the IOL manufacturing process." 1 This is curious as any alterations or modifications to the material or manufacturing process have to be submitted to and approved by government agencies. Because contradictory information exists in the literature concerning glistenings it would be helpful, in order to understand the relevance of these measurements, to know when the authors feel that impactful changes were made to the manufacturing process of Acrysof lenses. In a recent paper by van der Mooren et al, 19 the authors report measurements performed on Acrysof lenses very recently produced for the Japanese market following the supposed manufacturing changes alluded to in this paper by Thomes and Callaghan. 1 Improvements were not evident in this paper as the most recently manufactured Acrysof IOLs had glistening formation and straylight values that can be considered typical when compared to historical measurements of Acrysof lenses. Additionally, straylight values of these lenses were considerably higher than those without significant glistenings.
With respect to the Acrysof lenses from 2003, the following statement in the Methods section is not supported or referenced, "Internal studies on the glistening response and storage conditions with AcrySof have shown that glistening formation will not be induced if samples are stored within these temperature and relative humidity ranges."
1 Additionally, the US Food and Drug Administration suggests a shelf life of 5 years for intraocular lenses; 20 thus, it is incumbent upon the authors to ensure that the older Acrysof lenses had not deteriorated in any way and to provide this proof.
Although the authors reference a published method for accelerated microvacuole formation, 15 they have chosen to employ another technique. An explanation as to why this was done and justification for their method should be given. Without published references, it is not possible to view or compare the results of this study with other data in the literature.
It would have been extremely relevant for the authors to include lenses of other materials in the assessment, similar to Tognetto et al, 7 as not all materials respond in the same way to glistening formation. It should be stressed that hydrophobic acrylic IOLs from different manufacturers do not have similar glistening formation, 19 so that the relative amount of glistening formation could have been critically assessed if all were tested by the same protocol.
In summary, the conclusions made by the authors cannot be substantiated as the methods used to draw these conclusions have not been fully validated in the paper. In spite of this, the concern of the authors and their employer, Alcon Research Ltd, for glistening formation is to be lauded and encouraged to continue until the lenses are truly glistening free. 
This letter is in response to questions raised by Beiko and Grzybowski regarding our recent publication entitled "Evaluation of in vitro glistening formation in hydrophobic acrylic intraocular lenses". The formation of glistenings and their appearance depends upon many factors. The intraocular lens (IOL) material, processing, ocular disease, and measurement technique result in a variety of glistening behaviors reported in the literature. The Tognetto et al 1 paper, referenced in both our recent publication and in Beiko and Grzybowski's letter, gives a good summary of various IOLs and supports the statement that glistenings within IOL materials are "typically" observed within a few months of surgery and plateau approximately 1 year after surgical implantation.
Our study uses an aggressive laboratory test method that is designed to purposely induce glistenings in a material to assess its propensity for forming glistenings. Our experimental method has been clearly described and permits comparison to historical values. The published laboratory test results demonstrate that manufacturing process improvements over the past 10 years have reduced the glistening response in current lenses (2012) compared to those manufactured in 2003. Manufacturing process changes have been reported to the appropriate regulatory agencies in accordance with applicable regulations. Alcon Research Ltd holds process changes and conditions as proprietary information.
The 5-year expiration date for the shelf life is primarily to ensure sterility of the product using real time testing. It is our contention that these dry, stored IOLs are no different than those implanted in eyes back in 2003. We have taken precautions by storing the IOLs in a controlled atmosphere of low moisture, protection from UV light, and limited temperature fluctuations that may impact glistening response. Our objective is to not artificially induce glistenings over the storage period. To assess glistening during storage, we have conducted internal laboratory bench studies to induce glistenings via extreme temperature and moisture fluctuations in the IOL. The storage conditions used for the 2003 IOLs fall well within the range where glistenings will not form.
The effect of glistenings on high spatial frequencies is not conclusive based on the published literature. [1] [2] [3] [4] [5] In general, these studies suggest that the glistenings have no negative impact on contrast sensitivity at low or mid spatial frequencies. Two studies suggested possible effect of glistenings at high spatial frequencies. 3, 5 Gunenc et al 3 used contrast sensitivity measurements based on in-house developed software, and require further study to confirm the results. The finding from the other study by Waite et al 5 is not statistically significant. Miyata et al 2 reported contrast sensitivity data at low, mid and high spatial frequencies for MA60BM, SA60AT, AR40, and Clarifllex patients. They didn't find any significant difference among the four groups at any spatial frequency. Christiansen et al 6 found no correlation between glistening and contrast sensitivity. Colin and Orignac assessed glistenings in 97 eyes from 65 patients with AcrySof IOLs. 4 They graded the glistenings level based on the slit lamp images. They found no correlation between the glistening grades and contrast sensitivity at any spatial frequencies (3, 6, 12, 18 cycles per degree), as well as no association with visual acuity.
There are several publications that address the effect of glistenings or light scattering on visual acuity (VA). [1] [2] [3] [4] [5] [6] [7] Most of these published works concluded that VA does not degrade for the level of surface scattering due to clinically observed glistenings. The consensus among most published studies suggests that glistenings have no effect on best corrected visual acuity (BCVA)", even at the highest levels of clinical glistenings. [1] [2] [3] [4] [5] [6] [7] In general, glistenings can increase the intraocular stray light. However, the total integrated light scatter measured is due to surface roughness and intraocular stray light. Every optical surface will have some degree of roughness, but our focus is to address intraocular stray light. The amount of intraocular stray light increase depends on the size and density of the glistening distribution. It is important to note that the stray light that would impact vision or retinal contrast is associated with forward light scatter, not with back light scatter. 9 The same technique was used to measure forward light scatter in AcrySof Natural IOLs and stray light values were obtained. 12 This study found that the stray light value for the 15-year aged IOL is 0.4 deg 2 /sr, which is comparable to a young eye and well below the stray light hindrance value level of ∼1.47 deg 2 /sr. Thus, the visual impact for most clinically relevant cases appears insignificant, even though levels of back light scatter out of the eye may appear significant.
